SPECIFICATION 

PRINTED-CIRCUIT BOARD AND METHOD OF MANUFACTURE THEREOF 
^ ^ IC AL F I E LD m^O^^O OC T^e i^^eAm^^ 

The present invention relates to a printed circuit 
board and a method of manufacturing same, and more 
particularly, to a printed circuit board provided with a 
conductor pattern having superior adhesion and a method of 
manufacturing same. 

- BACKGROUND ART " 

A prior art printed circuit board 9 is shown in Fig. 
5(A). The printed circuit board 9 includes an insulative 
substrate 2, a plurality of conductor patterns 93, and an 
insulative protection film 94 coating the substrate 2 and 
the patterns 93. The conductor patterns 93 function as 
wiring and external terminals. The bottom surfaces 931 of 
the conductor patterns 93 are adhered to the upper surface 
of the substrate 2. The width a of the bottom surface 931 
is equal to the width b of the top surface 932 of the 
conductor pattern 93. In other words, the conductor 
patterns 93 have rectangular cross-sections. The side 
surfaces 935 of the conductor patterns 93 are completely 
coated by the protection film 94. The conductor patterns 93 
are formed after forming the protection film 94 on the 
substrate 2. 



Since the conventional conductor patterns 93 have a 
rectangular cross-section in which the width a of the bottom 
surface 931 is equal to the width b of the top surface 932, 



the area of contact between the conductor patterns 93 and 
the substrate 2 is relatively small. Hence, the adhesion 
between the substrate 2 and the conductor patterns 93 is 
relatively weak. Accordingly, as shown in Fig. 5(B), when 
an external force, such as thermal stress, is applied to the 
printed circuit board 9, the conductor patterns 93 may be 
separated from the upper surface of the substrate 2, 

To solve this problem, as shown in E^kg. 6(A), the 
conductor patterns 93 may have a trapeze/id cross-section in 
which the width a of the bottom surfa^ce 931 is greater thovr ^ 
the width b of the top surface 932/ However, in this case. 
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during formation of th^conduct^ patterns 93, a portion 939 
of the conductor patterns 93 maV enter the space between the 
bottom surface of tj?fe protection film 94 and the upper 
surface of the sul^strate 2 causing a short-circuit with the 
adjacent conducfefer pattern 93, 



Further, as shown in Fig. 7(A), in the conventional 
printed circuit board 9, the side surfaces 935 of the 
conductor pattern 93 are completely coated by the protection 
film 94. Thus, for example, when a connection terminal 
plating 95 and a solder ball 96 are joined to the conductor 
pattern 93, the solder ball 96 is not hooked to the side 
surfaces 935 of the conductor pattern 93. Accordingly, if a 
lateral force> such as that indicated by an arrow, is 
applied to the solder ball 96, the solder ball 96 may be 



separated from the conductor pattern 93. 



To solve this problem, as shown in Fig. 7(B), the side 
surfaces 935 of the conductor pattern 93 may be completely 
5 exposed to allow the solder ball 96 to enter the space 

between the side surfaces 935 of the conductor pattern 93 
and the protection film 94. However, in this case, the 
solder ball 96 contacts the substrate 2, which mechanical 
strength is relatively weak. Due to the surface tension of 

10 the solder ball, the area of the contact portion between the 

solder ball 96 and the substrate 2 is relatively small. 
Therefore, when a lateral force, such as that indicated by 
the arrow, is applied to the solder ball 96, the force is 
locally applied to the contact portion of the substrate 2. 

15 As a result, a crack 99 may be produced in the substrate 2, 

and the substrate 2 may be damaged. 

SUMiyiARY OF THE INVENTION 

20 It is an object of the present invention to provide a 

printed circuit board and its manufacturing method that 
provides strong adhesion between a substrate and a conductor 
pattern and prevents damage of the substrate. 

25 To achieve the above object, a first aspect of the 

present invention provides a printed circuit board including 
a substrate, a conductor pattern formed on the substrate, 
and a protection film coating the substrate and the 
conductor pattern. The conductor pattern includes a bottom 

30 surface contacting the substrate, a top surface opposite to 

the bottom surface, and a pair of side surfaces. Each of 
the side surfaces have a lower side surface covered by the 
protection film and an upper side surface exposed from the 
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protection film. ThQ width of the bottom surface is greater 
than the width of the top surface . 

It is preferred that the width of the bottom surface of 
5 the conductor pattern be greater than the width of the top 

surface, the lower side surface be coated by the protection 
film, and the upper side surface be exposed from the 
protection film. 

10 In the printed circuit board according to a first 

aspect of the present invention, the width of the bottom 
surface of the conductor pattern is greater than the width 
of the top surface, and the area of the portion adhered to 
□ the substrate is relatively large. Accordingly, in 

'2 15 comparison with a conductor pattern having a rectangular 

Cj cross-section, the adhesion between the substrate and the 

17^ conductor pattern is stronger. Thus, separation of the 

conductor pattern from the upper surface of the substrate is 
U prevented. 
!^ 20 

his 

The upper side surfaces of the conductor pattern are 
exposed from the protection film. Thus, when joining, for 
example, a solder ball, to the conductor pattern, the solder 
ball enters the upper side surfaces of the conductor 
25 pattern. Thus, even if a lateral force is applied to the 

solder ball subsequent to the joining, the solder ball has a 
portion hooked to the side surfaces thereby preventing the 
solder ball from being separated from the conductor pattern. 

30 Further, the lower side surface of the conductor 

pattern is coated by the protection film. Accordingly, for 
example, the solder ball contacts the conductor pattern, 
which mechanical strength is greater than that of the 
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substrate, without contacting the substrate. Thus, even if 
a lateral force is applied to the solder ball subsequent to 
the joining, the force acts on the conductor pattern and not 
on the substrate thereby preventing damages, such as 
cracking, of the substrate. 

It is preferred that the top surface of the conductor 
pattern be coated by a plating. In this case, the solder 
ball is easily joined to the conductor pattern. 

It is preferred that the solder ball contact the 
conductor pattern at the upper side surfaces of the 
conductor pattern. In this case, even if a lateral force is 
applied to the joined solder ball, the solder ball is in 
contact with the side surfaces of the conductor pattern and 
thus separation of the solder ball from the conductor 
pattern is prevented. 

A second aspect of the present invention provides a 
method for fabricating a printed circuit board. The method 
includes the steps of etching a substrate including a 
conductor to form a conductor pattern, applying an 
insulative protection film to the conductor pattern and the 
substrate, and removing part of the protection film. In the 
etching step, the conductor pattern is formed so that a 
width of a bottom surface contacting the substrate is 
greater than a width of a top surface, which is opposite the 
bottom surface. In the etching step, an upper portion of 
the conductor pattern is exposed. 

The conductor pattern is formed before the protection 
film. Accordingly, the protection film does not exist when 
the conductor pattern is formed- Thus, the conductor 



pattern does not force the protection film upward. Further, 
part of the conductor pattern does not enter the space 
between the bottom surface of the protection film and the 
top surface of, the substrate- As a result, short-circuiting 
5 between adjacent conductor patterns is prevented. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is -«r cross-sectional view showing a printed 
A- 

10 circuit board according to a first embodiment of the present 

invention. ^^^^j <Lro>s.6c^<on,JL. 

^ Figs. 2(A) to 2(E) are^iagrams showing procedures for 

fabricating the printed circuit board of the first 

embodiment . ^^^{a^cA.p^^ 

15 Fig, 3 is cross-sectional view showing a printed 

circuit board according to a second embodiment. 

Figs. 4(A) to 4(E) are^^jdiagrams showing procedures for 
fabricating the printed circuit board of Fig. 3. 

Fig. 5(A) is a\ cross-sectional view showing a first 
20 prior art example of a printed circuit board. 

0^ Fig. 5(B) is ay^^iagram showing the printed circuit 

board of Fig. 5(A) in a state in which the conductor pattern 
is separated from the printed circuit board. 

Fig. 6(A) is a^cross-sectional view showing a second 
25 prior art example of the printed circuit board. 

Fig. 6(B) is ajldiagram showing a state in which a 
solder resist is separated from the printed circuit board of 

Fig. 6(A) . pur^V^ tx%\^^ t>t<^\or^^ 

Fig. 6(C) is a^iagram showing a state in which the 
30 conductor pattern is separated in the printed circuit board 

of Fig. 6(A). ^^^\^^^l^^t^^\(^^- St<k\^9^^ 

^ Fig. 7(A) is -Q^diagram showing a state in which a 
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solder ball is separated from a third prior art example of a 
printed circuit board. • 

Fig- 7(B) is a diagram showing a state in which a 
substrate is cracked in a fourth prior art example of a 
printed board circuit . 

Y^V.c^r MQDV TOP rAUPYTMe-OOT THE INVENTION 

A printed circuit board according to a first embodiment 
of the present invention will now be described with 
reference to Figs. 1 and 2. 

The printed circuit board 1 includes a insulative 
substrate 2, a conductor pattern 3 formed on the substrate 
2, and an insulative protection film, or solder resist 4, 
for coating the substrate 2 and the conductor pattern 3. 
The conductor pattern 3 extends perpendicular to the plane 
of the drawing. As shown in Fig. 1, the conductor pattern 3 
includes an upper portion 32 and a lower portion 31. The 
bottom surface 310 of the conductor pattern 3 is adhered to 
the upper surface of the substrate 2. The width c of the 
bottom surface 310 is greater than the width d of the top 
surface 320. Accordingly, the conductor pattern 3 has a 
trapezoidal cross-section, which is perpendicular to the 
longitudinal direction. The side surfaces 315 of the lower 
portion 31 are coated by the solder resist 4. On the other 
hand, the side surfaces 325 of the upper portion 32 are not 
coated by the solder resist 4. The height h of the lower 
portion 31 is^95% of the conductor pattern height p. The 
remaining 5% of the conductor pattern height p is the height 
of the upper portion 32. The top surface 320 of the upper 
portion 32 and the side surfaces 325 are coated by a 
connection terminal plating 5. Further, a solder ball 6 is 



connected to the conductor pattern 3 by the plating 5, The 
solder ball 6 engages the side surfaces 325 of the upper 
portion 32. 

5 A method for fabricating the printed circuit board 1 

will now be described with reference to Figs. 2(A) to 2(E). 
It is preferred that glass epoxy be used as the material of 
the substrate 2. The printed circuit board 1 is fabricated 
from a copperclad laminate, which is produced by cladding a 
10 copper foil on the substrate 2. 

First, in Fig. 2(A), the copperclad laminate undergoes 
=1 etching to form a plurality of conductor patterns 3 on the 

'^5 substrate 2. During the etching treatment, the conductor 

15 pattern 3 is formed so that its cross-section is a 

-J trapezoid, which width c of the bottom surface 310 is 

fy greater than the width d of the top surface 320. It is 

I" preferred that the width c of the bottom surface 310 be 30 

to 200pm and the width d of the top surface 320 be 10 to 
20 180pm. In the first embodiment, the width c of the bottom 

surface 310 is SOpm, the width d of the top surface 320 is 
70ijm, and the height p of the conductor pattern 3 is 35pm. 

As shown in Fig. 2(B), the solder resist 4 is applied 
25 so as to entirely cover the conductor patterns 3 and the 

substrate 2. When doing so, the solder resist 4 is applied 
so that the height of the solder resist 4 is generally 
constant, or such that its surface 41 is flat. 

30 A laser is irradiated against the upper surface 41 of 

the solder resist 4 to remove the solder resist 4 along the 
conductor pattern 3, as shown in Fig. 2(C). The laser 
irradiation is stopped when 5% of the height p of the 
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conductor pattern 3 is exposed. The laser irradiation 
exposes the upper portion 32, or the top surface 320 and the 
upper side surfaces 325, from openings 40 of the solder 
resist 4, In this state, the height h of the lower portion 
31 of the conductor pattern 3 is about 33ym. 

As shown in Fig. 2(D), a plating treatment is performed 
on predetermined conductor patterns 3. During the plating 
treatment, the upper portion 32 of the predetermined 
conductor patterns 3 is coated by the connection terminal 
plating 3. Metal, such as copper, gold, or nickel is used 
as the material of the plating 5. 

Then, solder is arranged on the plating 5, and the 
solder is heated and melted. When the melted solder 
hardens, the solder ball 6 is joined to the upper portion 32 
of the conductor pattern 3 by way of the plating 5, as shown 
in Fig. 2(E). In this state, the solder ball 6 has engaging 
portions 63, which are hooked to the two side surfaces 325 
of the upper portion 32. 

During the plating treatment, it is preferred that the 
uppermost portion of the plating 5 be formed at a position 
higher than the upper surface 41 of the solder resist 4. 
This enables the joining of, for example, a solder ball or a 
solder paste to be performed more easily. Further, when 
electrically testing the printed circuit board 1, the 
terminal used during the testing,, for example, a probe or an 
anisotropic conductive rubber body, easily contacts the 
plating 5. If the uppermost portion of the plating 5 is 
formed at a position lower than the upper surface 41 of the 
solder resist 4, the joining and contacting may be 
difficult . 



It is preferred that the height h of the lower portion 
31 be 50% or greater and less than 100% of the height p of 
the conductor pattern 3. In this case, the coating of the 
side surfaces 315 of the lower portion 31 by the solder 
resist 4 is ensured. When the height h of the lower portion 
31 is less than 50% of the height p of the conductor pattern 
3, the coating of the side surfaces 315 of the lower portion 
31 is not ensured. Thus, for example, a lateral force 
applied to the solder ball 6, which is joined with the 
conductor patterns 3, would easily be transmitted to the 
substrate 2, which is located below the lower portion 31, 
and may inflict damage, such as cracking of the substrate 2. 
On the other hand, if the height h of the lower portion is 
100% of the height p of the conductor pattern 3, this would 
eliminate the upper portion 32 of the conductor pattern 3. 
In this case, the strength joining the solder ball 6 with 
the conductor pattern 3 would not be sufficient. 

It is preferred that the cross-sectional shape of the 
conductor pattern 3 be an isosceles trapezoid, which left 
and right sides are equal to facilitate fabrication- 
It is preferred that the value obtained by dividing one 
half of the difference between the bottom surface width and 
the top surface width by the height of the conductor pattern 
3 {{c-d)/2}/p (hereafter referred to as value X) be within 
the range of 0.1 to 2.5. When the dimensions of the 
conductor pattern 3 are in such range, the contact area 
between the side surfaces 315 of the lower portion 31 and 
the solder resist 4 increases. As a result, the solder 
resist 4 presses the conductor pattern 3 against the 
substrate 2. If the value X is lower than 0.1, the contact 



area between the side surfaces 315 of the lower portion 31 
and the solder resist 4 decreases. Thus, the conductor 
pattern 3 may not be pressed sufficiently against the 
substrate 2 by the solder resist 4. If the value X is 
greater than 2.5, the exposed portion of the conductor 
pattern 3 decreases. This decreases the connection area 
between the conductor pattern 3 and semiconductor 
components. As a result, the connection strength of the 
semiconductor components may decrease. 

The printed circuit board 1 of the first embodiment has 
the advantages described below. 

As shown in Fig. 1, in the printed circuit board 1 of 
the first embodiment, the width c of the bottom surface 310 
is greater than the width d of the top surface 320 of the 
upper portion 32. In other words, the conductor pattern 3 
has a trapezoidal cross-section. Accordingly, in comparison 
to the conventional conductor pattern 93, which cross- 
section is rectangular, a relatively large area of the 
conductor pattern 3 is adhered to the substrate 2. This 
shape increases the adhesion of the conductor pattern 3 to 
the substrate 2. As a result, separation of the conductor 
pattern 3 from the upper surface of the substrate 2 is 
prevented. 

As shown in Fig. 2(A), the conductor pattern 3 is 
formed before formation of the solder resist 4. 
Accordingly, the conductor pattern 3 does not force the 
solder resist 4 upward like in the prior art examples. 
Thus, separation of the solder resist 4 from the substrate 2 
is prevented. Further, part of the conductor pattern 3 does 
not enter the space between the bottom surface of the solder 
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resist 4 and the upper surface of the substrate 2. This 
prevents short-circuiting between adjacent conductor 
patterns . 

5 The side surfaces 325 of the upper portion 32 are not 

covered by the solder resist 4. This enables the solder 
ball 6 to contact the side surfaces 325. Further, the 
solder ball 6 includes engaging portions 63 that are hooked 
to the side surfaces 325 of the upper portion 32. Thus, 
10 separation of the solder ball 6 from the conductor pattern 3 

is prevented even if a lateral force is applied to the 
solder ball 6 

f 

:1 The side surfaces 315 of the lower portion 31 are 

=5 15 coated by the solder resist 4. Thus, the solder ball 6 does 

not contact the substrate 2 but contacts the conductor 
pattern 3, which mechanical strength is greater than the 
s substrate 2. Accordingly, even if a lateral force is 

VZ applied to the solder ball 6 subsequent to joining, the 

1=^ 20 force acts on the conductor pattern 3 and not the substrate 

2. This prevents damage, such as cracking, from being 
O inflicted on the substrate 2. 

The cross-section of the conductor pattern 3 is 
25 substantially an isosceles trapezoid. Thus, the conductor 

pattern 3 can be formed easily. 

The value X={ (c-d) /2 } /p, which is obtained by diving 
one half of the difference between the width c of the bottom 
30 surface 310 and the width d of the top surface 320 by the 

height p of the conductor pattern 3 is about 0.14. In the 
conductor pattern 3, which has such dimension, a large area 
of the solder resist 4 contacts the side surfaces 315 of the 
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lower portion 31. Accordingly, the conductor pattern 3 is 
rigidly held by the solder resist 4. This further increases 
the adhesion of the conductor pattern 3 to the substrate 2. 

5 The side surfaces 315, 325 of the conductor pattern 3 

are not required to be flat like in the first embodiment and 
may be curved in a concave manner. 

Since the height h of the lower portion 31 is 95% the 
10 height p of the conductor pattern 3, the coating of the side 

surfaces 315 of the lower portion 31 by the solder resist 4 
is ensured. Thus, even if a lateral force is applied to the 
solder ball 6, which is joined to the conductor pattern 3, 
the prevention of damage of the substrate 2 is ensured. 
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The upper portion 32 is coated by the plating 5. This 
facilitates the joining of the solder ball 6 to the 
conductor pattern 3. 



I^N.^^O""^^ A second embodiment of a printe;^ circuit board will now 

f>r^ be discussed centerin'^'''''or^\the poi;^s differing from the 



first embodiment. /As showrL^i^THNg . 3, in the second 
embodiment, the u^per ^Hr\^Ae^ 42 df the solder resist 4 is 
shaped in correspondencet^Kristh the/ arrangement of the 
25 conductor pattern 3. 2Tiis isN^e only difference between 

the printed circuit y^oards of thye^ second embodiment and the 
first embodiment-^ 

The method for fabricating the printed circuit board of 
30 the second embodiment will now be discussed. 

As shown in Fig. 4 (A) , a plurality of conductor 
patterns 3 are formed on the substrate 2 by performing 
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etching, or the like, on a copperclad laminate. The width c 
of the bottom surface 310 of each conductor pattern 3 is 
greater than the width d of its top surface 320. 
Accordingly, each conductor pattern 3 has a trapezoidal 
cross -sect ion . 

Then, as shown in Fig. 4(B), a solder resist 4, which 
serves as an insulative protection film, is applied to the 
entire surfaces of the conductor patterns 3 and the 
substrate 2, When doing so, the solder resist 4 is applied 
so that its thickness is substantially uniform. Thus, the 
upper surface 42 of the solder resist 4 is corrugated in 
accordance with the arrangement of the conductor pattern 3. 

A laser is irradiated against theyOpper surface 41 of 
the solder resist 4 to remove the soi^ier resist 4 along the 
conductor patterns 3, >^ shoWn^^rrr;^ 4(C). Laser 
irradiation is stopped wherw5% o/ thfe height p of the 
conductor pattern Vis ex^4ed/ This exposes the upper 
portion 32 of the io^nductor pk^erA 3, or the top surface 
320 and the side surfaces y525 toyfe^enings 40 of the solder 
resist 4. In this state/ the^^ight h of the lower portion 
31 of the conductor pattern 3 is 95% of the height p of the 
conductor pattern 3. / 

As shown in Fig, 4(D), a plating treatment is performed 
on predetermined conductor patterns 3. During the plating 
treatment, the upper portions 32 of the predetermined 
conductor patterns 3 are coated by the connection terminal 
plating 3. 

Then, solder is arranged on the plating 5, heated, and 
melted. When the melted solder hardens, the solder ball 6 
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is joined to the upper portion 32 of the conductor patterns 
3 by way of the plating 5, as shown in Fig. 4(E). 

The second embodiment has the same advantages as the 
first embodiment - 

Accordingly, the present invention provides a printed 

circuit board having superior adhesion between the substrate 

and the conductor pattern and preventing damage of the 
substrate . 



-15- 



